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Abstract 
The aim of this work was to determine the
localization  of  nicotinamide-adenine  dinu-
cleotide  phosphate-diaphorase  (NADPH-d)
activity as the marker for synthesis of nitric
oxide synthase (NOS) in the rat thymus after
the application of retinoid acid (RA) on 1st, 7th,
14th and  21st days  of  gestation.  The  given
results can build the basis for understanding of
the role of NOS in rat thymus. NADPH-d posi-
tive  cells  were  represented  with  dark-blue
color  and  were  localized  on  corticomedullar
junction of the thymus. These cells were of dif-
ferent intensity of coloring and were shaped in
oval, circle or irregular forms. NADPH-d posi-
tive nerve fibers were observed in perivascular
topography. They were marked more strongly
in the case of control group. The result of appli-
cation of RA to gravid rats was that the birth
weights of newborn rats and their thymuses
were smaller, but without statistically signifi-
cance.
Introduction
Vitamins play a great role in the nourish-
ment. Vitamin A is one of the basic nutritive
factors that are important for the development
of a fetus. It is also important for the differen-
tiation of cells in the organism.1,2 This vitamin
belongs to the group of vitamins that are fat-
soluble. It was discovered by George Wald in
1927. Hale discovered the importance of this
vitamin as an essential source for the fetus
development in 1933,3 but later on it was dis-
covered that it also has teratogenic effect.4
Vitamin A belongs to terpenoids. Natural or
synthetic derivatives of vitamin A are called
retinoids. Their total number is estimated to
2500.5 Biologically  most  active  retinoid  is
retinoid acid (RA), which is used in clinical
medicine. It is used in treatment of dermal and
hematological diseases and in prevention of
secondary tumors of head and neck. All-trans
RA are a derivate of vitamin A. It is essential in
the case of gene expulsion that is mediated by
two groups of nuclear receptors: RAR (retinoic
acid receptor) and RXR (retinoid X receptor).6,7
Retinoids are important molecules involved in
the development and homeostasis of the nerv-
ous  system.  RA  influences  development  and
differentiation of cells. Its teratogenic effect is
caused by excessive consumption of RA. The
teratogenic effect differs with species, concen-
tration and form of application of RA to gravid
female.8
It is therefore important to know that daily
limit  of  vitamin  A  is  1500  RE  (RE,  retinol
equivalent) for adults and 2400 RE for women
in the time of gravidity and lactation (1RE=1
μg retinol=3.3U). The daily limit of vitamin A
for a gravid woman should not exceed 2800-
3000 RE/day. Vitamin A can cause chronic tox-
icity by adults when it is received in overdose
7500-9000 RE/day for a long period of time on
regular basis.9 The excess of vitamin A in the
nourishment  is  teratogenic  in  the  develop-
ment of hearth, aortic arch, limbs, thymus and
central  nervous  system.  When  studying  the
influence of RA on the organism some changes
are observed in neurotransmitters like acetyl-
choline  and  nitric  oxide  (NO).  NO  is  small
electrically neutral molecule of gaseous char-
acter that has a short half-life and can defund
through  biological  membranes  of  cells.
Enzyme neuron synthesis of NO (nNOS) par-
ticipates on the synthesis of NO. NO as a sig-
nal molecule can have positive contribution to
the organism but if it is overproduced it can
contribute  to  the  cell  damage  strongly.10 We
used  the  immunohistochemical  method  and
NADPH-d histochemical method that enables
the visualization of nNOS, to prove the pres-
ence of NO. Localization of nicotinamide-ade-
nine  dinucleotide  phosphate-diaphorase
(NADPH-d), that was observed histochemical-
ly, was described for the first time on a rat
where it confirmed the presence of dark-blue
reactionary product.     
Materials and Methods
There  were  used  primipara  females  of
Wistar rats with the weights of 220-250 grams.
The animals were bred in standard laboratory
conditions:  room  temperature  20-22°C,  free
access to food and water. Females were cou-
pling with three-month-old Wistar rat males.
The day of positive vaginal epithelium smear
was marked as the first day of gravidity. We
gave  all-trans  retinoic  acid  (RA)  to  gravid
females in the amount of 10 mg/kg of weight.
They received the RA per orally dissolved in
sesame oil for three days that means eight,
ninth and tenth day of gestation. In the postna-
tal  period  we  observed  NADPH-d  nervous
structures  in  thymus  on  the  first,  seventh,
fourteenth  and  twenty-first  days  of  newborn
rats. We recorded the weight of rats and their
thymuses. 
The newborn rats on 1st, 7th, 14th and 21st day
(in each day 10 experimental animal after pre-
natal administration of retinoid acid and 5 con-
trol) were anesthetized with pentobarbital and
killed  by  intracardial  perfusion  of  4%
paraformaldehyde containing 0.1% glutaralde-
hyde  in  0.1  M  phosphate  buffer  of  pH  7.4.
Solutions  were  prepared  immediately  before
perfusion. After stored perfusion, the thymus-
es were removed surgically and stored in iden-
tical fixative solution for 3-4 hours. Then they
were transferred to 30% sacharose solution in
the  same  phosphate  buffer  and  stored  over
night at 4°C. Sections (45 μm) from the exci-
sions were prepared by means of a cryo-micro-
tome.
A histochemical reaction modified accord-
ing to Scherer-Singler et al. (1983)11 was used
to  visualize  NADPH-d  activity.  The  sections
were incubated in a solution of 1.5 mM tetra-
zolium nitroblue (NBT, Sigma Chemicals, St.
Louis,  MI,  USA),  1.0  mM  beta  nicotinamide
adenine  dinucleotide  phosphate  (NADPH,
Sigma  Chemicals),  10.0  mM  monosodium
maleate (maleic acid, Sigma Chemicals) and
0.5 Triton X-100, dissolved in 0.1 M phosphate
buffer, pH 8.0, at 37°C for 1 h. After incubation,
the  sections  were  washed  with  0.1  M  phos-
phate buffer (pH 7.4), mounted in Entellan and
evaluated under a light microscope. 
All  experiments  were  conducted  in  accor-
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The  statistical  analysis  between  birth
weights of rats with/without prenatal applica-
tion of retinoid acid as well of rat’s thymuses
with/without  prenatal  application  of  retinoid
acid was tested with Student t-test. Statistical
significance was set at the level of significance
P<0.05.  Software  Statistical  Package  for  the
Social Sciences (SPSS) for Windows version
13.0 was used for all statistical calculations.
Results   
We proved that NADPH-d positive cells and
nerve fibers were present in the rat thymus.
NADPH-d positive cells, marked in dark-blue
coloring,  were  mostly  present  in  the  thymic
medulla and in corticomedullar junction, and
only a small dispersion was detectable in the
cortex. The individual nerve cells were irregu-
larly shaped with different intensity of color.
Cells that had the lowest rate of NADPH-d pos-
itivity were weakly colored and only the edge of
their  bodies  is  seen.  These  cells  were  dis-
persed throughout the whole medulla. A group
of cells in the medulla had a strong intensity of
coloring.  Small  processes  were  observed  on
these  dark  blue  cells.  This  type  of  cells
appeared  near  the  vessels  of  the  thymus
medulla. Blood vessels localized in the medul-
la  and  interlobular  septa  showed  NADPH-d
positivity of endothelial cells. NADPH-d posi-
tive nerve fibers were observed in perivascular
topography in 1st, 7th, 14th and 21st day. The den-
sity of these fibers increased with age. The
irregular NADPH-d positive cells were mostly
observed soon after delivery. In cases of exper-
imental animals - after prenatal application of
retinoid acid, the intensity of NADPH-d posi-
tive nerve fibers were decreased regardless of
the day after delivery (Figures 1, 2, 3, 4, 5 and
6).  The  application  of  retinoic  acid  in  the
amount of 10 mg RA/kg of weight applied on
8th, 9th and 10th day of gravidity caused also the
decrease of the rat birth weight and it caused
the  decrease  of  the  weight  of  thymuses.
However, these changes were not statistically
significant (with exception of body weight in
day 7; Table 1).
Discussion
Thymus  is  one  of  the  most  mysterious
organs.  The  term  thymus was  introduced  in
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Figure  1.  Experimental  group:  newborn
rats  thymus  after  prenatal  application  of
retinoid  acid  (1st  day  after  delivery).
NADPH-d positive nerve fibers are weakly
marked in perivascular topography. No cell
bodies were observed.
Figure 2. Control group: newborn rats thy-
mus  without  prenatal  application  of
retinoid  acid  (1st day  after  delivery).
Irregularly  shaped  cells  with  deeply  blue
colored  protuberances  localized  in  the
thymic medulla. 
Figure  3.  Experimental  group:  newborn
rats  thymus  after  prenatal  application  of
retinoid acid (14th day after delivery). Rich
represented NADPH-d positive cells on the
corticomedullar junction. The presence of
NADPH-d positive neural fibers in perivas-
cular topography was observed.
Figure 4. Control group: newborn rats thy-
mus  without  prenatal  application  of
retinoid  acid  (14th day  after  delivery).
There are more NADPH-d positive neural
fibers in the case of control group not only
in the perivascular topography but also in
the  thymus  parenchyma.  The  control
group had higher number of irregular cells.
Figure  5.  Experimental  group:  newborn
rats  thymus  after  prenatal  application  of
retinoid  acid  (21st  day  after  delivery).
Strongly  marked  intensity  of  NADPH-d
positive cells in thymus parenchyma was
observed.  Perivascular  nerve  fibers  are
weakly marked (experiment group).
Figure 6. Control group: newborn rats thy-
mus  without  prenatal  application  of
retinoid  acid  (21st  day  after  delivery).
Strongly marked NADPH-d nerve fibers in
perivascular  topography  and  in  thymic
connective tissue septum.[European Journal of Histochemistry 2012; 56:e7] [page 37]
anatomy by Claudius Galenos of Pergamon in
the second century AD.12 The thymus is a pri-
mary lymphoid organ that is found in all verte-
brates, with the exception of jawless fish.13The
thymus has a unique capacity to support the
development of self-tolerant T cells expressing
a diverse repertoire of antigen receptors. 
The embryonic pharynx serves as the origin
of the mammalian thymus. The thymic primor-
dia are formed from the dorsolateral portions
of  the  third  paired  pharyngeal  pouches.  In
absence of the cell-to-cell interactions with the
ectomesenchyme (neural crest cells), the pri-
mary epithelial anlagen are unable to prolifer-
ate.  Thymic  organogenesis  depends  on  the
interactions  between  the  cells  of  all  three
embryonic  germ  layers:  endoderm-derived
epithelium of pharyngeal pouches, neuroecto-
derm-derived  neural  crest  mesenchyme  and
mesoderm-derived  hematopoietic  cells
Thymopoiesis involves reciprocal tissue inter-
actions  between  the  epithelial  cells  derived
from the endoderm of the embryonic pharynx
and  neural  crest-derived  mesenchyme.14,15
Thymus undergoes its maximum development
in the time of birth, when it also has the great-
est  relative  weight.  Its  morphology  varies
greatly  even  in  the  same  age  group.  These
anatomic  variations  and  dynamic  changes
appear to be the main source of confusion with
pathologic conditions.16-18 After the puberty the
thymus  becomes  smaller  and  the  portion  of
adipose  connective  tissue  grows  at  the
expense of lymphatic tissue. The factors that
influence  the  size  of  the  thymus  are  age,
stress,  infections,  hormonal  treatment  and
undernutrition.19
The innervations of thymus is not complete-
ly  known,  many  authors  are  focused  on  the
neural  structures  localized  inside  the  thy-
mus.20-22 The aim of our work was observed the
histochemical representation of NADPH-d pos-
itive cells and nerve fibers in rat thymus after
prenatal application of retinoid acid. NADPH-d
can be considered as a mark of NOS, enzyme
responsible  for  synthesis.23,24 The  activity  of
this enzyme was proved in many parts of nerv-
ous system in mammals.25 Our results are in
agreement with other authors, who also con-
firmed that NADPH-d positive cells are present
in the rat thymus.26-28 The observation of the
thymus after the application of retinoid acid
confirms the resemblance of NADPH-positive
cells described by Gulati et al.27 In a further
study, the same authors studied these cells at
the electron-microscopic level.29
We observed NADPH-d positive nerve fibers
in the perivascular topography. In the experi-
ment group of rats, to which the all-trans RA
was applied were these structures less marked.
By observing NADPH-d neural structures we
did not observe the cell bodies of neurons in
thymuses.  The  interference  of  fibers  in  the
perivascular topography allow to assume that
NO is able to participate on neurotransmission
in thymus. In the same way there was proved
the NADPH-d positive colored bodies of nerve
cells and nerve fibers.
Our observation proved that the application
of RA on 7th, 8th and 9th day of gestation influ-
enced the weight of new-born rats and the thy-
mus size, too. Our observations are in agree-
ment with other authors that retinoid acid can
disrupt development of nervous system.30-33
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